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Purpose: Evaluation of 1-year-outcome of XEN 45 gel stent surgery in a Swedish cohort
with regard to clinical success, complications, and learning curve.

Patients and Methods: This was a retrospective study of glaucoma patients undergoing
glaucoma XEN-stent surgery alone or combined with phacoemulsification between
December 2015 and May 2017. Intraocular pressure (IOP), number of medical agents, and
adverse events were assessed. Clinical success rate was defined as achieving individual target
pressure with/without medication.

Results: A total of 113 eyes were included in the final statistics. Mean age was 70.8+11.8
years. Primary open angle glaucoma (POAG) accounted for 46.9% and exfoliative glaucoma
(PEXG) for 40.7%. Mean preoperative IOP was 23.8+6.2 mmHg and mean number of agents
34. After 1 year, mean IOP was reduced to 16.144.7 mmHg and medication to 1.34
substances on average. Failure rate at 1-year follow-up was 34% with no significant
difference between POAG and PEXG. There was a trend of higher success rate for combined
cases (P=0.116). Stents with malpositioned or curved appearance had significantly worse
outcome. The failure rate of the most productive surgeon dropped from 33% to 10% from the
first implantations. Temporary hypotony (19.5%) and choroidal detachment (9.7%) were the
most common complications. Blockage of the inner stent lumen was common (8.8%), with
a high proportion of failure.

Conclusion: XEN-stent surgery is a surgical option in uncontrolled glaucoma in both
POAG and PEXG. A XEN-stent can reduce both IOP and the number of antiglaucoma
medications needed. The learning curve is significant and stent positioning is crucial for
optimal results. Combined XEN-cataract surgery is not inferior to stand-alone procedures.
The long-time effectiveness is still to be proven.

Keywords: glaucoma, minimal invasive glaucoma surgery, MIGS, pseudoexfoliative

glaucoma, XEN 45 gel stent, Ab interno implant, surgical success

Introduction

The XEN 45 gel stent was introduced to the European market in 2016. It creates
a new outflow facility for aqueous humor from the anterior chamber to the
subconjunctival space. The mechanism of action is therefore comparable with
traditional trabeculectomy. Possible advantages compared with trabeculectomy
could be shorter surgery time, standardized penetration of the sclera, and minor
trauma to the eye, as neither conjunctival incisions, suturing, or iridectomy are
required. The XEN 45 gel stent is indicated for the management of refractory
glaucoma as a stand-alone procedure or in combination with cataract surgery. The

procedure fulfils the criteria for minimal invasive glaucoma surgery (MIGS).!
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There are as yet no randomized clinical trials concerning
XEN implantation and long-term follow-up studies are
scarce and limited to 3 years to the best of our
knowledge.”* However, up to 5 years outcomes are reported
concerning previous versions of the stent.* Furthermore,
results from a Scandinavian population with a high propor-
tion of pseudoexfoliative glaucoma (PEXG) is lacking. The
purpose of the present study was to describe the 1-year out-
come of a Swedish cohort with regard to success in control-
(IOP) with or
pharmacologic treatment. In addition, this study aimed to

ling intraocular pressure without
investigate the possible impact of type of glaucoma, PEXG
vs POAG (primary open-angle glaucoma), lens status (pseu-
dophakia/phakia), stand-alone procedure vs combination
with cataract surgery, positioning of the stent, and also the
learning curve for implantation of a XEN 45 gel stent as well

as possible complications.

Materials and Methods

Study Design

Implantation with a XEN 45 gel stent was introduced at the
Department of Ophthalmology, Sahlgrenska University
Hospital, MoIndal, Sweden, in December 2015. This is
a tertiary referral center and university clinic and one of the
first Swedish sites to adopt the procedure. A retrospective
study was performed including all patients from the introduc-
tion of this technique until May 2017. The latter time point
was chosen in order to ensure a 1-year follow-up period as
a minimum. The study was approved by The Regional
Ethical Review Board in Gothenburg and conducted in
accordance with the tenets of the Declaration of Helsinki.
Since this was a retrospective study, no consent was required
from the subjects, according to the policy of the Regional
Ethical Review Board. Data accessed complied with relevant
data privacy and protection regulations.

Patients were offered XEN 45 gel stent implantation
if suitable as assessed by the surgeon. Indications for
surgery were either uncontrolled intraocular pressure
(IOP), intolerance to anti-glaucoma drugs, progression
of visual field defects, or a combination of the factors
mentioned above. There were no limitations concerning
preoperative level of IOP, grade of visual field defect, or
type of glaucoma. Eyes with previous filtrating glaucoma
surgery including previous failed XEN surgery were
excluded from analysis. In the case of bilateral implanta-
tion, both eyes were included.

Surgical Technique

The data comprises the result of surgery performed by four
anterior segment surgeons, none of whom had any previous
experience of the XEN 45 gel stent. The surgery was per-
formed either as a stand-alone procedure or in combination
with cataract surgery. Some patients received preservative-
free dexamethasone a week prior to surgery, but the major-
ity of patients did not. Preoperative miosis was achieved by
(Trimb Healthcare AB,
Stockholm, Sweden) for stand-alone procedures. If the pro-

pilocarpine 2% eye drops
cedure was combined with cataract surgery, the pupil was
instead dilated with a combination of topical cyclopentolate
0.85%+phenylephrine 1.5% (extempore, APL, Stockholm,
Sweden). In the event of combined surgery, standard pha-
coemulsification with implantation of an intraocular lens
(IOL) was performed first, after which mydriasis was con-
verted to miosis by intracameral acetylcholine chloride,
10 mg/mL (Miochol-E®, Bausch&Lomb Nordic AB,
Stockholm, Sweden). Standard preoperative preparation
was performed including local anesthesia with topical tetra-
Bausch&Lomb Nordic AB,

Stockholm, Sweden), rinsing of the conjunctival sac with

caine (1%) (Tetracaine,

chlorhexidine cutan solution 0.5 mg/mL (Fresenius Kabi
AB, Uppsala, Sweden), and sterile draping. The conjunctiva
in the upper nasal quadrant was hydrodissected by injection
of 0.1 mL Mitomycin C 0.2 mg/mL or 5-Fluorouracile
Apoteket AB, Stockholm,
Sweden). A peripheral corneal incision 1.2 mm wide was

50 mg/mL (extempore,

made nasally for later insertion of a counter-traction Vera
Hook (al medical GmbH, Radolfzell am Bodensee,
Germany). The main incision of 1.8 mm width was placed
as a peripheral corneal tunnel in the temporal inferior quad-
rant. The anterior chamber was infused with xylocaine
10 mg/mL (Aspen Nordic, Ballerup, Denmark) and then
filled with ocular viscoelastic device Healon GV (Johnson
& Johnson Vision, Uppsala, Sweden). The XEN® 45 Gel
Stent, preloaded into a XEN®™ Injector (Allergan plc,
Dublin, Ireland), was advanced through the anterior cham-
ber, trabecular meshwork, and sclera. The XEN 45 gel stent
was then released into the subconjunctival or subtenonal
space. If unproperly positioned, further manipulations were
performed to optimize positioning, ie, explantation and
reloading of the stent, or grasping the stent with forceps
for manipulation of the stent through the intact conjunctiva.
Intracameral cefuroxime (Aprokam® Laboratoires Théa,
Clermont-Ferrand, France) was instilled in the anterior
chamber at the end of the procedure.
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Postoperatively, all topical and systemic (acetazolamide;
Diam0x®, Amdipharm Ltd, London, UK) anti-glaucomatous
drugs were suspended, and anti-inflammatory topical therapy
initiated with preservative-free dexamethasone 1 mg/mL
(Dexafree®, Laboratoires Théa, Clermont-Ferrand, France)
6-8 times/day. Depending on individual assessment, dexa-
methasone drops were tapered during a period of at least
2 months. Typically, follow-ups were scheduled at day 1 and
after 1, 2, 3, 4, 6, and 8 weeks, with individual adjustments.
In the case of encapsulation or fibrosis, needling procedures
were performed in order to cut adhesions between sclera and
conjunctiva.

Analysis of Data

Baseline data included age at surgery, sex, type, and dura-
tion of glaucoma diagnosis, average intraocular pressure at
the last three preoperative measurements, number of anti-
glaucoma agents, and dosage of oral acetazolamide.
Postoperative IOP at week 1, 2, 3 plus month 1, 2, 3, 6,
and 12 were retrieved from medical records. Adverse
events and need for interventions, ie, needling or addi-
tional surgery, were also noted.

Primary outcome in the present study was clinical
success rate, either complete or partial success. Complete
success was defined as the patient's individual target pres-
sure (TP) achieved at month 12 without any medical
treatment. If no target pressure was given in the medical
journal, it was set to 20 mmHg. Partial success was
defined as attained TP with the help of IOP-lowering
pharmacologic treatment. Finally, surgery was classified
as failure if IOP at the 1-year follow-up was above TP
with/without medication, or if additional glaucoma surgery
was performed under the study period, or if the XEN stent
was obviously non-functioning, ie, broken or without phy-
sical connection with the anterior chamber, or if visual
acuity was only light perception or worse after the surgery.
Secondary outcomes were absolute reduction in IOP
(mmHg), relative reduction in IOP (%), and the reduction
of number of IOL-lowering agents from baseline to month
12. Additional secondary outcomes were adverse events.

Statistical Procedures

Meanztstandard deviation (SD) or proportions (%) are given.
For outcome at 1-year follow-up, Chi-square test or one-way
analysis of variance (ANOVA) with Dunnett’s post hoc test
were used. For multiple comparisons Bonferroni correction
was performed. Survival plots based on Kaplan—Meier esti-
mates were generated for cumulative survival (probability of

clinical success) and Cox proportional hazard ratio calcu-
lated. A P<0.05 was considered statistically significant.

Results

During the study period, 139 XEN 45 gel stents were
implanted. Of these, 20 eyes were excluded because of pre-
vious glaucoma surgery. Six additional eyes were excluded
due to incomplete data or because the subject was deceased.
The remaining 113 eyes (Figure 1) were enrolled in the
following statistical analyses. None of these eyes had under-
gone previous ocular surgery other than cataract.

Descriptive Demographics at Baseline

The most common indication for surgery was uncontrolled
IOP (n=70), intolerance to medication (n=37), and progres-
sion of visual field defects (n=18), several different indica-
tions might coexist in the same patient. At the time of
surgery, the average age was 70.8+11.8 years. Gender was
almost equally distributed. The vast majority of cases were
either classified as POAG (46.9%) or PEXG (40.7%). Other
types of glaucoma were rare, including: secondary glaucoma
after IOL-luxation, iridocyclitis, goniodysplastic glaucoma,
previous angle closure glaucoma, venous stasis glaucoma,
and pigment dispersion glaucoma. The average duration of
glaucoma prior to surgery was 9.7+8.5 years (Table 1).
Mean preoperative IOP was 23.8 mmHg, ranging from
12.3-40.0 mmHg, and the average number of pharmacolo-
gic IOP-lowering substances prior to surgery was 3.4. At
baseline, 59 eyes (52%) were pseudophakic. Antifibrotic
agents were used in all cases; Mitomycin C in 95.6% and
5-Fluorouracil in 4.4% of patients. In 14 patients both eyes
were operated on and included in the study. In 12 eyes the
target IOP was defined as lower than 20 mmHg (average=15
mmHg, range=12-18 mmHg). Overall for the complete
cohort, the average target IOP was 19.5 mmHg.

Outcomes

A survival plot based on Kaplan—Meier estimates is shown
in Figure 2A. Seven stents (6%) never came into function
due to malpositioning or intraoperative damage, and at 1
month, 19 stents (17%) were classified as already failed. In
24 eyes (21%), other types of secondary surgical glaucoma
interventions were performed during the study period: If
the first XEN stent was considered malpositioned,
a second XEN stent could be favored (n=8). Otherwise,
trabeculectomy (n=9), Ahmed shunt (n=3), or diodelaser
(n=3) were utilized. For one patient, the type of procedure
could not be retrieved.

Clinical Ophthalmology 2020:14
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N=139

Previous glaucoma surgery

Deceased or missing data

N=20

N=6

Study population
N=113

Figure | Flow chart describing study population. Patients with previous glaucoma surgery (n=20), missing data or deceased subjects (n=6) were excluded.

At 12 months, the clinical success rate was 64% (31%
complete, 33% partial success), and the failure rate was
36% (Figure 2B).

In order to give better comparability to other published
data, data are also presented at different IOP levels as well
as combined criteria of obtained IOP and at least 20%
reduction from baseline (Table 2).

On average, IOP decreased immediately postopera-
tively, despite all medication being paused, to 10.4
mmHg day 1, 13.0 mmHg week 1, then stabilizing around
17 mmHg (Figure 3). For those individuals who did not
undergo additional glaucoma surgery during the study
period (n=86), mean IOP preoperatively was 22.9+£5.5
mmHg and at 1l-year follow-up, IOP was 16.1+4.7
mmHg. Mean reduction in IOP during the study period
was 6.846.5 mmHg, P<0.001 (paired t-test), ie, a 30%
decrease in IOP.

For some patients, anti-glaucoma medication had to be
reintroduced during the study period (Figure 4). In the
following calculations, all 24 eyes which underwent addi-
tional IOP-lowering procedures and three eyes with miss-
ing data are excluded from analysis of IOP and medication
count. The average number of substances was significantly
reduced from 3.40 preoperatively to 1.34 at 12 months
postoperatively, P<0.001 (ANOVA with Dunnett’s post-
hoc). Before surgery, 37 cases were treated with oral

acetazolamide, at 1-year follow-up only one of these
patients remained on this treatment. However, an addi-
tional six patients, who were not in need for this pre-
operatively were in need of oral medication at 12 months.

Subgroup Analysis

Comparing POAG with PEXG, we found a slightly higher
success rate in the former (68% vs 59%), but the difference
was not statistically significant; Cox proportional hazard
ratio=0.73 (95% CI=0.3-1.40), P=0.346 (Figure 5A). The
proportion of complete success was equal in both groups
(30% vs 33%; Figure 5B and C).

As an exception from standard Mitomycin-C, five
patients received subconjunctival 5-Fluorouracil during
surgery. None of these cases led to complete success, one
resulted in partial success, and four were classified as
failure, leading to secondary glaucoma surgery in three
of these. (Statistical analysis not performed due to low
numbers.)

In addition to the 59 (52%) pseudophakic patients at
baseline, an additional 16 eyes (14%) became pseudo-
phakic through combined cataract surgery with XEN
stent implantation and nine more eyes became pseudo-
phakic later during the study period, in five of these in
order to deepen the anterior chamber and free the XEN
stents interior lumen from occluding iris tissue (which was
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Table 1 Demographic Description

Variable N=113
Mean age at surgery (years), mean+SD 70.8+11.8
Sex, n (%)
Men 53 (46.9)
Women 60 (53.1)
Glaucoma type, n (%)
Primary open-angle 53 (46.9)
Pseudoexfoliative 46 (40.7)
Other® 14 (12.4)
Mean duration of glaucoma diagnosis (years), mean+SD | 9.7+8.5
Mean preoperative |IOP, mmHg+SD 23.8+6.2
Pseudophakic, n (%) 59 (52.2)
Individual target IOP and <20% IOP reduction, n (%)
Failure 49
Partial success 24
Complete success 27
15 mmHg target IOP and <20% IOP reduction, n (%)
Failure 63
Partial success 16
Complete success 21
18 mmHg target IOP and <20% IOP reduction, n (%)
Failure 54
Partial success 20
Complete success 26
2| mmHg target IOP and <20% IOP reduction, n (%)
Failure 47
Partial success 25
Complete success 28

Notes: *Including secondary glaucoma after IOL-luxation, iridocyclitis, goniodys-
plastic glaucoma, previous angle closure glaucoma, venous stasis glaucoma, and
pigment dispersion glaucoma.

Abbreviations: IOL, intraocular lens; IOP, intraocular pressure; SD, standard
deviation.

successful in four out of five cases). The success rate
(complete or partial) in patients undergoing combined
phacoemulsification plus XEN stent implantation was
81%, compared to 61% in patients subjected to a stand-
alone XEN procedure (including both phakic and pseudo-
phakic patients) (Figure 6A-D). However, this difference
was not significant; Cox proportional hazard ratio=2.57
(95% CI=0.79-8.32), P=0.116 (Figure 6A). In the pseudo-
phakic group at baseline, we found the largest proportion
of failure (42%), while eyes that became pseudophakic in
conjunction with XEN surgery only failed in 19%.
However, the difference in success rate between patients
undergoing combined phacoemulsification plus XEN stent
implantation and patients subjected to stand-alone XEN

procedure was not significant (P=0.115, chi-square test,
Figure 6B—D). The proportion of stent misplacement (see
below) in these two groups was similar (20.3 vs 25%).

According to the manufacturer's recommendation, the
inner portion of the XEN stent should be approximately
I mm inside the anterior chamber with good distance to
the iris and endothelium, 2 mm intrasclerally and approxi-
mately 3 mm subconjunctivally with a straight appearance
(Figure 7D). In the present data, it was found that if the
outer (subconjunctival) part of the stent was curved
(Figure 7E) there was a trend of higher failure rate (45%
vs 29%, P=0.682; chi-square test with Bonferroni correc-
tion for multiple comparisons) compared to a straight
appearance (Figure 7A-B). Stents with malpositioning
(too posteriorly placed, resulting in occlusion by the iris,
or stent too long inside or outside the anterior chamber, or
too anteriorly positioned, resulting in endothelial contact)
had a significantly worse outcome (Figure 7C) compared
to correct positioning (P=0.004).

In the present cohort, four surgeons without any prior
experience of XEN stent implantation are represented,
each performing 11, 16, 19, and 67 procedures, respec-
tively. When analyzing the first 30 to the last 30 eyes of
the most productive surgeon, a significantly better out-
come was found for the last eyes in this subgroup (10%
failure vs 33%, P=0.028, Figure 8A—C).

In 14 patients, both eyes were operated on on different
occasions, see Tables 3 and 4. No statistical difference in
outcome between first and second eyes was observed
(Table 4, P=0.695). The outcome of the first eyes surgery
had no predictive value for the second eye (Table 4).

Complications
All postoperative complications and interventions are listed
in Table 5. On day 1, 22 eyes (19.5%) showed an IOP below
5 mmHg, on week 1, 14 eyes (12.4%), and on week 2, only
one eye (0.9%) had persistent hypotony. All cases of hypot-
ony resolved without surgical intervention. The anterior
chamber was described as “shallow” in 12 cases (10.6%),
but never completely obliterated. Choroidal detachment
occurred in 11 cases (9.7%). Of these, 10 (8.8%) resolved
without surgical intervention within 12— weeks except in
one eye, in which the detachment persisted for 2 months
before resolving spontaneously. In more severe detach-
ments, cycloplegic eye drops were usually added to the
local steroid treatment.

Iris blockage: In ten eyes (8.8%), iris tissue blocked the
inner lumen of the XEN stent. Initial management in all
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Figure 2 (A) Survival plot based on Kaplan-Meier estimates showing |-year outcome of XEN implantation and probability of clinical success; the remaining cases with
complete success (target IOP attained without pharmacologic treatment) and partial success (target IOP attained with the aid of pharmacologic agents). (B) Complete or

partial success and failure at |-year follow-up (N=113).
Abbreviation: |OP, intraocular pressure.

these cases consisted of topical pilocarpine and in some
patients, argon laser peripheral iridoplasty (ALPI) and/or
Neodymium: YAG iridotomy were also performed. Later,
phacoemulsification could be performed if the eye was still
phakic. Stent function was restored in some of these cases,
leading to complete success in two cases and partial suc-
cess in another two cases at 12 months. Six eyes were
finally judged as failure at 1-year follow-up; three of
which had undergone additional glaucoma procedures at
that time. In one patient, early stent migration towards the
anterior chamber was observed, leading to explantation of
the stent due to endothelial contact. Another case of stent

migration was observed after some months, in which the
stent lost its connection with the anterior chamber entirely,
thus ceasing to function.

Needling procedures were performed postoperatively
in 49 eyes (43%), on average 1.78 times/eye. Needling
was most common during the first and second month
postoperatively. In 30 cases needling was performed
once, in seven cases twice, in seven cases three times,
in four cases four times, an in one individual seven
times during the first 6 months. Needling resulted in
47% failure, 29% partial, and 24% complete success at
1 year after surgery. There was no significant difference
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Table 2 Outcome with Different Intraocular Pressure Targets

Complete Partial Failure
Success Success (%)©
%) (%)°
Individual Target IOP 31 33 36
15 mmHg target |IOP 23 18 59
18 mmHg target IOP 28 25 47
2| mmHg target IOP 32 34 35
Individual Target IOP plus | 27 24 49
220% IOP Reduction
15 mmHg and 220% IOP | 21 16 63
reduction
18 mmHg and 220% IOP | 26 20 54
reduction
2| mmHg and 220% IOP | 28 25 47
reduction

Notes: *Complete success was defined as achieving target pressure at 12 months
without medical treatment. ®Partial success was defined as achieving target pressure at
12 months with IOP-lowering agents. “Failure was defined as not attaining target pressure
at 12 months with/without pharmacologic treatment or requiring additional IOP-
lowering surgery or if the XEN stent was non-functioning, ie, broken or without contact
with anterior chamber or if visual acuity at 12 months was light perception or worse.
Abbreviation: |OP, intraocular pressure.

in needling rate between XEN stand-alone (44%) and
XEN combined with cataract surgery (38%) groups
(P=0.787).

No cases of endophthalmitis occurred during the fol-
low-up period. One patient suffered from fibrinous anterior
uveitis which resolved without recurrence by treatment
with topical steroids. Another patient was lost to follow-
up between month 1-6 postoperatively. When rescheduled,
IOP was raised to 67 mmHg and the central visual field
was extinguished, classified as XEN failure.

Conjunctival reconstructive surgery was necessary in
two eyes due to large subconjunctival Tenon-cysts causing
discomfort for the patients. These cases were regarded as
XEN failure. As described above, no case of persistent
hypotony was observed after 2 months.

Discussion

This retrospective 1-year follow-up study describes the
safety and efficacy of the XEN 45 gel stent at a Swedish
tertiary referral center. The mean IOP was reduced by 30%
(paired data) from 22.9 to 16.1 mmHg (excluding indivi-
duals who underwent additional glaucoma surgery during
the study period). Reitsamer et al® reported comparable
IOP-reduction (—29.3% at 12 months). The overall clinical

success rate (complete or partial success) in our study was
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Figure 3 Mean IOP is shown preoperatively and the first postoperative year after XEN implantation. Error bars indicate 95% CI. All XEN-patients in the cohort (N=113 at
the start of the study period) were included initially. Secondary glaucoma surgery excluded at the time of second surgery.

Abbreviations: Cl, confidence interval; IOP, intraocular pressure.
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Figure 4 Pharmacologic treatment of glaucoma patients subjected to XEN implantation, showing mean number of topical substances preoperatively and during the first
postoperative year. The mean number of pharmacologic substances preoperatively was 3.40, decreasing to 1.34 | year after surgery, pP<0.001 (ANOVA with Dunnett’s post

hoc). Patients with secondary glaucoma surgery were excluded from analysis.

64%. This is comparable to the 12-month survival rate of
67% in the APEX study.’

The definition of clinical success is not standardized in
the literature. In the present study, success was defined as
whether the individual target pressure was attained or not,
with (partial success) or without (complete success) the
addition of pharmacologic substances. This definition is
based on the clinical evaluation found in the medical
records, as given by the respective patients’ ophthalmolo-
gist. As many different referring ophthalmologists were
involved, no standardized method or formula for target
IOP calculation could be defined for our cohort. Only 12
out of 113 cases had a defined target IOP lower than 20
mmHg. If no individual target pressure was defined in the
patient’s record, it was set to 20 mmHg in order to avoid
definition bias by the author. Lower target pressures would
have increased the discrepancy between clinical and study
judgment. A definition of success commonly used in stu-
dies on glaucoma surgery is a reduction of IOP of at
least 20% from baseline.® However, this type of definition
is more suitable in prospective clinical trials where
a washout period can be planned before surgery. It is
impossible to give the isolated IOP-lowering effect of

the XEN stent alone, because of adjustments (often
a reduction) of IOP-lowering medication during the study
period. However, the IOP reduction described in this study
is most likely underestimated, since the average number of
IOP-lowering substances was significantly reduced by two
substances after surgery. Attaining the target pressure is
a better reflection of clinical success than an overall
requirement of a 20% IOP-reduction, especially in patients
with intolerance to glaucoma medication (37 documented
cases in this cohort, in whom surgery aimed to reduce the
number of IOP-lowering agents rather than reducing IOP.
In these cases preoperative IOP under pharmacologic
treatment and postoperative IOP without IOP-lowering
medications may be the same, but the aim of surgery is
still achieved. If applying lower target IOP on the present
data (Table 2), the proportion of failure would amount to
50-60% of all cases. This demonstrates that the XEN gel
stent is not a surgical option for advanced glaucoma and
very low target pressure, which is in accordance with the
manufacturers’ recommendations. With the given retro-
spective approach, the present study is not designed to
demonstrate if lower IOPs could be accomplished with
more intensive medication.
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Figure 5 Success of XEN implantation with different types of glaucoma, where complete and partial success are shown during the first postoperative year for patients with
primary open-angle glaucoma (n=53) and pseudoexfoliative glaucoma (n=46), respectively. (A) Probability of clinical success; (B) proportions after | year for primary open-

angle glaucoma; (C) pseudoexfoliative glaucoma.

Notes: No significant difference was seen depending on type of glaucoma; Cox proportional hazard ratio=0.73 (95% confidence interval=0.3—1.40), P=0.346.

Grover et al” showed at least 20% lower IOP on the same
or less medication at 12 months after XEN stent implantation
in 75.4% of patients with predominantly POAG. However,
the technique for Mitomycin (MMC)-application differed
significantly in that study; the conjunctiva was opened surgi-
cally, MMC were applied on sponges, and the conjunctiva
sutured with Vicryl thereafter. This surgical approach may
have influenced the outcome, since subconjunctival adhe-
sions are possibly better dissected by surgical preparation
than by hydrodissection as in this study.

In the present study, the mean number of pharmacolo-
gic agents decreased in our population from 3.40 preopera-
tively to 1.34 at 1 year postoperatively. In three eyes
(3.4%), the number of topical substances was increased
compared to pre-surgery, in 20 (23.0%) cases the number
of substances was unchanged, while in 64 cases (73.6%),
treatment was reduced. In Table 6, some of the largest
studies so far reporting on outcome of XEN 45 gel stent
implantation are summarized with regard to change in
IOP-lowering medication. The decrease in pharmacologic
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Figure 6 One-year results after XEN gel stent procedure when combined with or without phacoemulsification and intraocular lens implantation. (A) Probability of clinical
success; (B) proportions after | year for pseudophakic XEN stand-alone procedures; (C) phakic stand-alone; (D) phakic combined procedures.

Notes: Complete and partial success rate with (n=16) and without (n=97) combined surgery are shown with no significant difference between groups; Cox proportional
hazard ratio=2.57 (95% confidence interval=0.79-8.32), P=0.116. The success rate in patients undergoing combined phacoemulsification plus XEN stent implantation was
81%, compared to 61% in patients subjected to stand-alone XEN procedure (including both phakic and pseudophakic patients), P=0.115 (Chi-square test).

treatment observed in the present study is in the same
magnitude, ie a reduction of about two substances, as in
those previous studies.

The prevalence of pseudoexfoliations is high in
Scandinavia; in the Northern part of Sweden it has
been reported as high as 61% in 87-year-olds.® As
a consequence, pseudoexfoliative glaucoma (PEXG) is
also common, accounting for 59% of open-angle glaucoma
among elderly people in Northern Sweden.® The propor-
tion of PEXG in our material (40.7%) is therefore repre-
exceptionally  high

sentative for Scandinavia, but

compared to other populations. We found that the XEN

45 gel stent works well also in PEXG. Compared with
POAG, there was a slight tendency towards better results
in the POAG group, but this was not statistically signifi-
cant. The present data thus confirms the findings of pro-
spective studies after 1 year’ and 2 years,'® which did not
find any difference between POAG and PEXG.

The needling rate in the present study was 43%.
Needling rates and bleb intervention between 32% and
71%'"" have been reported at 12 months by others.'?
Most of the needling procedures were performed during
the first months after surgery, but there are some individual
cases where needling was successful even after a longer
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Straight stent (N=86)

M Complete success
DPartial success
WFrailure

Curved stent (N=9) Malpositioned stent (N=18)
EComplete success
DPartial success
EFailure

B Complete success
[ClPartial success
EFrailure

Figure 7 Proportions of complete and partial success and failure at |-year follow-up in patients with (A) straight; (B) curved; (C) malpositioned XEN gel stents. Pictures

show (D) perfectly positioned straight XEN gel stent; (E) curved XEN gel stent.

Notes: Malpositioning included lumen blocked by iris (n=7), no connection with anterior chamber (n=6), stent too proximally positioned, ie, too long portion of stent in
anterior chamber (n=4), and stent with endothelial contact (n=1). Success rate was significantly worse in the malpositioned group compared to the correct straight group,
P=0.004 (chi-square test with Bonferroni correction for multiple comparisons) but not in the curved group, P=0.682.

A B

urgeon X;
all procedures (N=67)

B Complete success
DPartial success
EFailure

Surgeon X;
last 30 procedures (N=30)

urgeon X;
first 30 procedures (N=30)

[ Complete success
DPartial success
EFrailure

M Complete success
DPartial success
EFrailure

Figure 8 Learning curve for XEN implantation, showing outcome |-year postoperatively for one surgeon (TB) only. (A) Success rate of all patients (n=67) operated on by
the same surgeon during the study period is shown; (B) The first 30 procedures were compared to (C) the last 30 procedures, showing a significant improvement in success

rate, pP=0.028 (Chi-square test).

period. In the 2-year follow-up APEX study, the needling
rate the first year (32.1%, personal communication)
increased to 41.1% at 24 months. Studies with a higher
success rate seem to correlate with more aggressive bleb
management.'” In our hands, needling was used as an
intervention against failure mainly during the first post-
operative months. Through needling, 53% of cases could
be converted to partial or complete success at 1 year. We
believe that there is a learning curve even for the post-
operative care in terms of timing and how to perform
needling. Recommendations on the management of bleb

fibrosis have been published recently.'® In case of elevated
IOP, steroid response or occlusion of the inner stent lumen
have to be ruled out first. During the study period, recom-
mendations on this subject have been modified by the
manufacturer. Initially, all types of bleb fibrosis were to
be treated by needling. Our current opinion is that highly
elevated blebs can be treated by aqueous suppressor
drugs such as acetazolamide, while waiting for the inflam-
matory reaction to calm down and delaying any needling.
Completely dry filtrations blebs are to be needled

immediately. We routinely combine needling with
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Table 3 Outcome in Bilateral Cases (Surgery on Different Occasions)

Ist Eye (n=14) Individual IOP Target | 15 mmHg Target IOP | 18 mmHg Target IOP | 21 mmHg Target IOP
Complete success, n (%)* | 6 (43) 6 (43) 6 (43) 6 (43)

Partial success, n (%)° 4 (29) 2 (14) 3 (21) 4 (29)

Failure, n (%)€ 4 (29) 6 (43) 5 (36) 4 (29)

2nd Eye (n=14)

Comeplete success, n (%)* | 4 (29) 4 (29) 4 (29) 4 (29)

Partial success, n (%)° 4 (29) 1 (7) 2 (14) 4 (29)

Failure, n (%)€ 6 (43) 9 (64) 8 (57) 6 (43)

Notes: *Complete success was defined as achieving target pressure at |2 months without medical treatment. PPartial success was defined as achieving target pressure at |2
months with IOP-lowering agents. “Failure was defined as not attaining target pressure at |2 months with/without pharmacologic treatment or requiring additional IOP-
lowering surgery or if the XEN stent was non-functioning, ie, broken or without contact with anterior chamber or if visual acuity at 12 months was light perception or worse.

Abbreviation: |OP, intraocular pressure.

subconjunctival injection of 0.1 mL 5-Fluouracil. In the
case of incapsulated XEN 45 gel stents, which are not
visible in the slit lamp microscope through thickened
conjunctiva and tenon, we would consider conjunctival
reconstructive surgery with excision of scar tissue in
the operating theater and treating the wound with
a Mitomycin-soaked sponge. There is no such case in the
presented cohort.

The present study is the first to investigate whether or
not there is a learning curve for implantation of XEN 45
gel stent. Indeed, a considerable learning curve for XEN

implantation was demonstrated, even for very experienced

Table 4 Outcome of Ist and 2nd Eye XEN Stent Implantation in
Bilateral Cases

Patient No. Ist Eye 2nd Eye

| Complete success? Complete success
2 Failure® Partial success®

3 Complete success Partial success

4 Failure Failure

5 Complete success Failure

6 Complete success Complete success
7 Failure Failure

8 Complete success Complete success
9 Partial success Failure

10 Partial success Complete success
I Failure Partial success

12 Partial success Partial success

13 Complete success Failure

14 Partial success Failure

Notes: *Complete success was defined as achieving target pressure at 12 months
without medical treatment. PPartial success was defined as achieving target pressure
at 12 months with IOP-lowering agents. “Failure was defined as not attaining target
pressure at |2 months with/without pharmacologic treatment or requiring addi-
tional IOP-lowering surgery or if the XEN stent was non-functioning, ie, broken or
without contact with anterior chamber or if visual acuity at 12 months was light
perception or worse.

cataract and glaucoma surgeons. The implantation techni-
que itself is easy to perform, but optimal placement of the
stent can be challenging and intraoperative need for further
manipulation or replacement of the stent may occur. In
view of the present data, demonstrating inferior results
depending on the positioning of the stent, correct place-
ment of the stent at the time of the initial procedure should
be emphasized, and vigorous attempts to adjust the posi-
tion and to achieve a straight course of the stent are
important for success. It may be expected that results of
XEN implantation, if surgeons have passed their initial
learning curve, ensuring correct positioning of the stent

Table 5 Complications and Interventions

Complication or Within | Within 2-6
Intervention Month, N Months, N
Hypotony® 25 0
Choroidal detachment I 1

Loss of vision 0 |

Iris blocking lumen of stent 10 0

Persisting hemorrhage in | 0

anterior chamber

Migration of stent N 1

Corneal ulcer | 0
Conjunctival fistula or 0 3¢
subconjunctival cysts

Fibrin in anterior chamber | 0

Malignant glaucoma | 0

No passage of aqueous | 0

Needling required 0 49f

Notes: *Hypotony was defined as intraocular pressure <5 mmHg. Number of
individual cases which had hypotony on at least one occasion. Day I: n=22, week
I=14, week 3+4=1. ®One case in whom the choroidal detachment persisted for 2
months. “This stent was explanted. “The stent lost contact with anterior chamber.
®One case of avascular conjunctiva and two cases of conjunctival cysts. Number of
eyes where needling was performed. For some patients several needling procedures
were required. Mean number of needling procedures were .78 per eye. 8Loss of
central visual field due to undetected IOP decompensation (lost to follow-up).
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Table 6 Reduction in Pharmacologic Glaucoma Medication — Summary of Studies

Study No. of IOP-Lowering No. of IOP-Lowering N Glaucoma Type Procedure®
Agents at Baseline Agents 12 Months
Postop
De Gregorio et al,'® 2018 | 2.5 0.4 41 Mixed cases Combined
Gillmann et al,'® 2019 1.9 0.6 110 | POAG Stand-alone and combined
2.0 0.4 PEXG
Grover et al,7 2017 3.5 1.7 65 Mixed cases Stand-alone
Hengerer et al,I6 2017 3.13 0.3 242 Mixed cases Stand-alone and combined
Mansouri et aI,9 2018 1.9 04 110 POAG Stand-alone and combined
2.0 0.5 PEXG
Tan et al,|2 2018 3.0 0.7 39 Mixed cases Stand-alone
Widder et aI,|7 2018 2.6 0.2 233 Mixed cases Stand-alone and combined

Notes: *Stand-alone XEN procedure and/or XEN procedure combined with cataract surgery.
Abbreviations: |IOP, intraocular pressure; POAG, primary open angle glaucoma; PEXG, pseudoexfoliative glaucoma.

in relation to the anterior chamber angle (avoiding iris
incarceration) and under the conjunctiva (straight, free
mobile stent) can be optimized. Gonioscopic guidance
may be used to facilitate correct placement. The rate of
iris blockage was high in this cohort (8.8%), but compar-
able numbers (7.7%) have been reported in the literature.'
The risk for this misplacement increases, when gonioscopy
is not used routinely, the anterior chamber is overfilled
with OVD during XEN implantation and due to XEN
injector needle bevel angle: As the XEN 45 stent is
injected with the injector needle bevel-up, the final posi-
tion of the stent will be more posterior than initially

Intended XEN stent position

intended, as the stent will center at the point where
the injector needle first penetrates the angle structures
(Figure 9). An experienced XEN surgeon will place the
injector more anteriorly, thus avoiding iris incarceration
even without use of gonioscopy. The gonioscopy-lens is
demanding in handling, as it has to be replaced with a Vera
hook while the XEN injector is parked in the trabecular
meshwork, before the injector can be advanced through
the scleral tissue.

We believe that avoiding perforation of Schlemm’s canal
and thus minimizing bleeding into the anterior chamber can

be beneficious. The best XEN Stent position is between

XEN injector

XEN final position

Figure 9 The XEN stent will reach a more posterior final position than the injector needle, since the stent will center around the point where the tip of the needle first

penetrates the anterior chamber angle structures.
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Schwalbe’s line and through the unpigmented anterior por-
tion of the trabecular meshwork.'> A mispositioned stent
should be replaced immediately, as documented by Grover
et al,” with one or two replacements in 13.8% of their
surgeries.

Even postoperative handling has a learning curve.
Needling procedures can be challenging due to hypervas-
cularity near the XEN 45 gel stent, movement of patient,
opaque thickened tissue, and high tissue resistance.
Needling maneuvers can be improved by use of
a speculum, horizontal patient positioning, foot-pedal-
maneuvered microscope, customized bending of an appro-
priate needle (27G) or angled lance, use of viscoelastic
devices to expand the subconjunctival space and displace
occasional bleeding, and repeated application of antimeta-
bolite, eg, S-fluorouracil.

The outcome of combined cataract surgery and XEN
implantation did not show inferior results in the present
study. On the contrary, there was a trend towards even
better results for combined procedures, but the proportion
of cases with combined surgery was too low to reach
significance. An IOP-lowering effect of cataract surgery
in itself has been demonstrated previously.'* In several
cases in this study, patients were subjected to cataract
surgery during the follow-up period because the iris was
assessed as occluding the inner lumen of the stent. Given
the fast and relatively non-traumatic procedure of XEN
implantation, it is attractive to combine with phacoemulsi-
fication in previously phakic patients, thereby avoiding
obliteration of the stent and/or new conjunctival adher-
ences due to postoperative inflammation if cataract surgery
was to be performed at a later time point. This is in
contrast to combined cataract and trabeculectomy, which
together may constitute a major trauma for already vulner-
able glaucomatous eyes. Reitsamer et al® found no differ-
ence between XEN stand-alone vs XEN combined with
phacoemulsification. In contrast, Mansouri et al’ found
a higher proportion of success in the XEN stent stand-
alone-group compared to combined surgery.

The limitations of this study are its retrospective design
and variations in management due to slight differences in
strategies between the four surgeons included in the study.
The wvariations include intraoperative management, ie,
administration of different antimetabolites, but mainly post-
operatively, with variations concerning dosage and duration
of topical steroid treatment and different needling strategies.
All four surgeons involved were unexperienced at the begin-
ning of the study period and optimized their technique to

a certain degree over time, which also resulted in variations
over time. After the initial follow-ups during the first 2-3
months postoperatively, follow-ups were performed by non-
surgical glaucoma specialists, further increasing the varia-
bility in management. The strengths of the study include
a relatively large cohort, a real-world clinical setting with
mixed types of cases including a large proportion of PEXG
patients. In addition, the present study reports on several
important issues that should have major importance for the
outcome of XEN 45 gel stent, such as lens status/combined
surgery and the importance of correct positioning of the
stent. It is also, to our knowledge, the first study demonstrat-
ing a learning curve for XEN implantation.

Conclusion

The XEN 45 gel stent offers a surgical treatment option in
refractory glaucoma which is minimally invasive and with
a shorter surgical time and less intraoperative discomfort for
the patient compared to trabeculectomy. It offers creation of
subconjunctival filtration comparable with the working
mechanism of traditional trabeculectomy with less surgical
manipulation of tissues and no risk for late/persistent hypot-
ony. It can be performed as a stand-alone procedure or
combined with phacoemulsification. It is effective in low-
ering IOP and reducing the number of medications for the
majority of patients. However, one third of all cases was
considered a failure 1 year after surgery, resulting in the need
for additional surgical interventions. If very low target IOPs
are to be achieved, the XEN 45 gel stent might not be the
first choice. The need for postoperative manipulations, such
as needling, is considerable. Bleb management requires
experience in filtrating glaucoma procedures. Results are
dependent on the experience of the surgeon and may thus
be improved by training. The long-time stability of results
and cost-effectiveness are still to be proven.
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